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Introduction
The fertility curve, a plot of birth rate by age for women through their reproductive life, is usually bell-shaped, with a single mode. Across the developed world, the curve for first births has evolved from being left-skewed to being more symmetrical as women enter into motherhood later (Frejka and Sardon 2006) . In parallel, the fertility curve has been getting wider as the variability of the age of entry into motherhood has increased, causing the TFR to rebound in recent years (Burkimsher 2015) . However, the evolution in the shape of the fertility curve has rarely been investigated. This descriptive paper compares the development of cohort fertility curves of 22 countries to identify common trends and pinpoint outliers. We suggest several potential causative mechanisms. The unresolved question from this work is whether the development of a bimodal curve is a normal process or whether it is a symptom of polarisation in a society. The data presented here provides a base from which, with supplementary resources, that question may be answered.
Literature overview
Previous investigations of bimodal fertility curves have been patchy. Some apply mathematical models to describe these complex curves; e.g., Peristera and Kostaki (2007) , Mazzuco and Scarpa (2011) , Bermúdez et al. (2012) . Other work is more empirically focused, investigating the following countries: the United Kingdom, Ireland, New Zealand, Australia, and the United States (Chandola and Coleman 2002) ; the Netherlands (Coleman and Garssen 2002) ; the United States (Sullivan 2005) ; South Africa (Garenne et al. 2001) ; Chile and Uruguay (Lima et al. 2015) . The usual explanation for an irregular fertility curve is that there are two coexisting subpopulations following different behavioural norms. The women who enter motherhood early and cause the early shoulder are considered most likely to be immigrants (Bongaarts and Sobotka 2012) , young women having unplanned and premarital children (Garenne et al. 2001; Coleman and Garssen 2002) , and/or racial, socioeconomic or educationally disadvantaged minorities (Sullivan 2005) . Differences in educational level, marital status, and labour market activity are found to be the cause of the bimodal distributions seen in Chile and Uruguay (Lima et al. 2015) .
Data
The data used in this analysis is from the Human Fertility Database (http://www.humanfertility.org). We present the data for age-specific fertility rates for first-and second-order births. At the present time, 21 countries have biological birth order data in the HFD that covers a sufficiently long time span to study trends. In addition, for Switzerland, we use the data in the Human Fertility Collection (see Burkimsher 2011) .
One important decision was whether to study period or cohort fertility curves. In previous studies the development of the pre-mode bulge was noticed when studying period data. However, examination of cohort curves reveals that the development of the early 'shoulder' is even more pronounced if examined from a cohort perspective. For the special cases of the Netherlands and United States, discussed in greater detail in section 7, we look not only at cohort rates but also at period age-specific fertility rates from the 1950s onwards and hazard rates for the 1940s and subsequent cohorts.
First-birth fertility rates
The results are presented in graph form for each country (Figure 1 ). The line graphs are the fertility curves for cohorts born in 1968, 1971, 1974, 1977, and 1980 . In addition to a line graph for each country there is also a contour plot illustrating how the early peak migrates rightwards (later). This paper examines deviations in the shape of the fertility curve from being approximately bell-shaped. In almost all cases an early or late 'shoulder' is seen for some cohorts: this is a discontinuity in the trend of the slope of the fertility curve either before or after the mode. In some cases there is a plateau of similar age-specific fertility rates across a wide range of ages. Finally, for some countries and some cohorts a welldefined double peak is seen.
The ordering of the country plots is intentional. We propose that each country is at a different point on the trajectory from early to late fertility schedules: The evolution of the shape of the curve gives an indication of what stage the country is at.
We start with countries that are still at the stage of an intense early fertility peak for first births: Belarus, Ukraine, and Russia. However, each of these shows signs of the peak declining and starting to migrate later, with a postmodal 'shoulder' developing.
Following these are countries where the early peak, in the process of transitioning to a later peak, passes through a phase of bimodality (Bulgaria to Sweden): This is the stage when the early mode has declined in intensity but the later mode is only starting to develop. For Bulgaria the early peak is still higher than the later peak, Estonia has almost equal peaks, and Hungary through to Sweden have established a later, higher peak. A 'crossover point' at ages 24-26 is clearly visible in the line graphs: This is the age with the most stability in fertility rates across cohorts. It is noteworthy that all the countries from Belarus through to Slovenia are in Eastern Europe and the early peak for age at first birth was (and in some cases still is) at ages 20-21.
The following countries (Finland to Spain) have seen relatively steady transitions to a later fertility schedule. However, the development of an early 'shoulder' can be seen in the later cohorts, caused by significant falls in fertility rates for women in their mid-20s. For some countries there was a slight fall in peak rates after the 1968 cohort, followed by a subsequent modest rise to the 1980 cohort. Spain, however, follows the reverse pattern. In Austria, Portugal, Taiwan, and Japan there has been a steady fall in peak rates across the cohorts in tandem with the transition to a later schedule.
Finally, we have the Netherlands and the United States, which are dramatically different from the other countries in that they show no significant trends or change in shape of their fertility curves across the cohorts born [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] . In section 7 we look more closely at these two countries.
Second-birth fertility rates
We now look at whether second-order births also show a bimodal phase. Interestingly, the answer is: not to the same extent (Figure 2 ). The modal age has moved up, and strongly so for the Eastern European countries. In the process, a similar 'saddle' is seen in the contour plots as was seen for first births, at the point between the decline of the early mode and the establishment of the later mode. However, although the width of the curve has often increased considerably, in almost all cases the line graphs show no development of a true bimodal fertility curve. It would appear that for almost all countries except the United States, the modal age of second birth is moving towards the narrow age range of 28-32. This is the case even for countries where the modal age of first birth remains quite low. For example, in Russia the modal age of first birth for the 1980 cohort is 21; however, for this same cohort the modal age for a second birth is 29.
Comparing Figures 1 and 2 shows that the transition from an early mode to a later mode is much smoother for second births than for first. The fall in peak rates progresses in tandem with an increase in the width of the fertility curve and the new, later, schedule of timing of second birth steadily establishes itself. There is not the same apparent split into two subpopulations as seen in the case of the first-birth schedule transition.
Possible causes
As discussed in the literature overview (section 2), the usual explanation of a bimodal distribution is the coexistence of two subpopulations which are following different norms. However, we now briefly examine two other potential causes.
Impact of the fall of communism
As noted previously, the modal age of first birth in the Eastern European countries was 20-21 for the cohort born in 1968. That cohort hit their prime age for entering motherhood just at the time of the fall of communism in 1989. The economic travails in the following years, together with the progressive opening up of those societies to western norms and the increasing availability of modern contraceptives, had a profound impact, especially on young adults (Frejka 2008) . The TFR1 fell precipitously in the 1990s before hitting minimum levels in the period 1996 (Burkimsher 2015 Frejka 2008; Frejka and Gietel-Basten 2016) . There was then a modest recovery in period fertility rates, driven primarily by women who had postponed their entry into motherhood during the 1990s. What we are probably observing in the cohort fertility curves of Eastern European countries is the outcome of this transition: One segment of women postponed their first birth awaiting an improved economic climate, whilst another group retained the tradition of young age at first birth. Over successive cohorts the proportion of older first-time mothers increased and the share of young mothers declined. The bimodal pattern suggests that there were two subpopulations coexisting at one time, but this generally seems to have been a temporary phase before older childbearing took over as the norm.
Impact of immigration
Another explanation is the influence of immigrant fertility (Bongaarts and Sobotka 2012; Coleman and Garssen 2002) . Using comprehensive (period) birth registration dat a f ro m S w itze rla nd f o r f o re ign a nd S w is s w o me n, w e inv e s tiga te w he t he r t he fertility patterns of foreign women explain the early bulge. We found strong evidence confirming this (Figure 3a) . Swiss-national women have followed a steady trend to older childbearing. A different pattern is evident for foreign nationals. From 2000-2007 the modal age at first birth of foreign women in Switzerland was 22, very different from that of the Swiss population. However, by 2014 a bimodal distribution in ASFR1 had developed. The impact of foreigner fertility on total fertility in Switzerland is clear: It widens the fertility curve and causes the early bulge, although this is now dissipating as the fertility schedule of the foreign population approaches that of Swiss women. As with the trends seen in Figure 2 , the ASFR2 curve has become wider for the foreign population without it becoming a bimodal distribution (Figure 3b ). However, immigrant fertility rates are distorted, as explained by Parrado (2011 ), Dubuc (2012 , Robards and Berrington (2016) , and Burkimsher, Rossier, and Wanner (unpublished) . Sometimes the TFR1 exceeds unity -a logical impossibility in cohort terms as childlessness cannot be less than zero. The TFR of migrants is biased upwards b e c a u s e m i g r a n t s , w h o a r e o b s e r v e d i n t h e i r c o u n t r y o f a r r i v a l o n l y a f t e r t h e i r migration, are not included in the denominator of the fertility rate during the years preceding their migration when they are typically childless. This distorts the fertility curves of a migrant population, as described by Burkimsher, Rossier, and Wanner (unpublished) . In that paper they outline a simple method for removing the distortion by using the maximum foreign population as denominator in the ASFR calculation. With this 'correction' applied, the bimodal shape disappears (Figure 3c ). To briefly conclude, the bimodality in the ASFR1 curves of a migrant population is not due to the polarisation of the behaviour of two subgroups but is caused by the changing denominator (the rapidly expanding population of women in their 20s) in the ASFR1 calculation.
Emigration could also impact the fertility curves of countries where there is a net outflow of young women. As they leave their home country, commonly in their 20s and childless, they will cause a dip in the population denominator. This could be a contributory cause of the bimodal fertility curves in the Eastern European countries where there have been strong emigration flows. 
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The Netherlands and the United States: Special cases
Because the Netherlands and the United States are so very different from all the other countries and also from each other, and yet both exhibit stable patterns for the cohorts 1968-1980, we decided to look at a much broader span of cohorts for them, 1932-1992 (Figure 4a ). In addition, we also looked at the plots for hazard rates, considering only those women 'at risk' of a first birth (Figure 4b ). Finally, we also compared their period ASFR1 graphs for 1952/1953-2012/2013 (Figure 4c ). Over the past sixty years the Netherlands has experienced a smooth transition towards later entry into motherhood. The early peak rate of the 1932 cohort declined but the modal age at 29-30 has been established since 2000 with the passing through of the 1972 cohort (Figure 4a ). The development of a minor early 'shoulder,' noted by Coleman and Garssen (2002) , can be seen in the 1972 and 1982 cohort curves and the 1992 and 2002 period curves. However, it is very modest and disappeared subsequently. The patterns for the United States are in marked contrast to the Netherlands, which has always had a later fertility schedule, although they had similar peak rates in the 1960s. What happened in the United States was that, instead of the early mode transitioning smoothly to a later mode, part of the population became 'locked in' to an early fertility schedule, with peak rates at 19, whilst a slowly increasing proportion moved to a later schedule with peak rates around 30. The bimodal distribution is clear in all three graphs: the cohort ASFR1, the hazard rates for first birth, and the period ASFR1 (this contradicts the conclusion drawn by Sullivan, 2005) . The transition from a monomodal curve to a bimodal distribution can be pinpointed to the 1970s (and the cohorts of women born in the 1950s). This rather abrupt transition to a bimodal distribution is particularly conspicuous in the hazard rates graph (Figure 4b ). We might suppose that this development stemmed from the economic recession that the United States went through from 1973-1975, a process similar to that which the Eastern European countries experienced post-1989. However, unlike the trends seen in the former communist countries, in the United States the bimodal pattern has become ever more accentuated since the 1970s. Although teenage fertility rates in the United States have declined significantly (Lindberg, Santelli, and Desai 2016) , the early mode is still evident, with a dip in hazard rates for women around age 23. Is this evidence of the polarization of American society along racial, regional, educational, and socioeconomic fault lines? Or is it another example of the demographic distortion caused by the ongoing influx of childless migrants in their 20s to the country, as described in the previous section? Or could both factors contribute? We are not aware of any data sources currently available that could resolve this question.
Outstanding questions
Analysis of the evolution of the shape of the fertility curves has rarely been tackled. The empirical data presented here is intended to stimulate further investigation into the causes. The differential diffusion of later childbearing norms after the fall of communism may explain the pattern seen in the Eastern European countries. But why was the fertility curve ever smoothly monomodal? Why did it start to then split into two subpopulations, with the trendsetters moving to a later fertility schedule and those left behind 'stuck,' at least temporarily, in the traditional norm?
The impact of immigration and the associated distortion of fertility indicators may be more applicable to the western countries, but this requires confirmation with appropriate data.
Another question is whether these divisions will subside or continue. For the Eastern Europe countries the indications are that the situation is temporary, whilst in the United States the division seems persistent. Is this because of entrenched polarisation or does it stem from large and continuing migrant inflows?
The evolution of the fertility curves for second births shows a rather smooth transition from an early to a later, wider schedule. Bimodality is rare for second birth fertility curves. So why is the evolution of the fertility curves for second births different from that of first births?
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